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DESCRIPTION 
Thrust Needle Bearing 

5 Technical Field 

The present invention relates to a thrust needle bearing, and more specifically, it 
relates to a thrust needle bearing used under such a condition that a thrust load 
intermittently acts in environment of lean lubrication or inferior lubricity. 
Background Art 

10 A thrust needle bearing, constituted of races, rollers (rolling elements) and a 

cage, is a bearing having various advantages such as high load capacity and high rigidity 
with a simple form. However, the number of the rollers is so large and internal 
clearances are so narrow that lubricating oil hardly spreads over rolling contact surfaces 
and spaces between the rollers and a pocket guide face of the cage. Further, the cage 

15 is formed by pressing a steel sheet in consideration of strength and cost in most cases. 

The inner surface (roller guide face) of a pocket hole formed by pressing is a shear plane 
having large surface roughness. 

When the aforementioned bearing including the cage is used under a condition of 
lean lubrication or inferior lubricity, an oil film easily runs short between the rollers and 

20 the pocket guide face of the cage. Consequently, a roller 102 is worn on contact parts 
between the same and a pocket guide face of a cage 103, as shown in Figs. 7 to 9. 
This wear deeply progresses on edge parts of roller 102, as shown in Fig. 9. 
Consequently, stress concentrates on the worn edge parts, to result in exfoliation of the 
roller 102 depending on load conditions. Further, surface-originating exfoliation is 

25 caused on a rolling contact surface of a race 101 coming into contact with the worn 

edge parts of the roller due to stress concentration and imperfect lubrication, as shown 
in Fig. 10. 

In relation to the aforementioned problem of the roller worn on the contact parts 
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between the same and the pocket guide face of the cage to result in exfoliation of the 
roller or the race and reduction of the life thereof, cages of resin (refer to Patent 
Document 1 and 2) are disclosed, while a cage partially made of resin at least in parts 
coming into contact with rollers is proposed in addition thereto (refer to Patent 
5 Document 3). 

Patent Document 1: Japanese Patent Laying-Open No. 64-79419 
Patent Document 2: Japanese Patent Laying-Open No. 4-357323 
Patent Document 3: Japanese Patent Laying-Open No. 8-166014 
Disclosure of the Invention 
10 Problems to be Solved by the Invention 

Also in a cage of resin, however, rollers are worn on contact parts between the 
same and a pocket guide face of the cage under lean lubrication due to influence by 
skew of the rollers. Further, the cage is worn due to slippage on roller end faces, to 
result in a problem such as deviation of the positions of the rollers or breakage due to 
15 insufficient strength. 

In a cage of metal partially made of resin in parts coming into contact with 
rollers, the resin parts are exfoliated or worn in an early stage under severer working 
conditions, and an effect of prolonging the life of the rollers against wear is so scarce 
that the rollers or races are exfoliated. 
20 In a thrust needle bearing, the number of rollers is so large and internal 

clearances are so narrow that lubricating oil hardly spreads over rolling contact surfaces. 
Therefore, an oil film easily runs short between the rollers and a pocket guide face of a 
cage under a condition of lean lubrication or inferior lubricity, and the rollers are worn 
on contact parts between the same and the pocket guide face of the cage. In a W-type 
25 cage manufactured by pressing a steel sheet shown in Fig. 4, further, the central axis of a 
cage pocket deviates fi-om the central axis of the cage by 15 to 30 ^im at the maximum 
in consideration of working accuracy thereof Therefore, some pocket is angled with 
respect to the central axis of the cage, leading to circumferential speed difference 



-2- 



between a roller in the angled pocket and another roller in a non-angled pocket. When 
the cage pockets and the rollers come into contact with each other, the cage cannot be 
relieved but strongly comes into contact with the rollers to remarkably wear the rollers. 
Consequently, stress concentrates on worn edge parts of the rollers, and the rollers are 
5 exfoliated depending on load conditions. Further, surface-originating exfoliation is 

caused on rolling contact surfaces of races coming into contact with the worn edge parts 
of the rollers due to stress concentration and imperfect lubrication. It is diflScuh to 
reduce the deviation of the central axis of the cage pocket v^th respect to the central 
axis of the cage to not more than 15 jxm in work accuracy thereof, and an extremely 

10 high cost is required even if the deviation can be reduced. 
Means for Solving the Problems 

An object of the present invention is to provide a thrust needle bearing, using a 
cage formed by pressing a steel sheet, unprecedentedly improved in exfoliation life with 
respect to a roller or a race by preventing wear of the roller on a contact part between 

15 the same and a pocket guide face of the cage also when the thrust needle bearing is used 
under a condition of lean lubrication or inferior lubricity. 

A thrust needle bearing according to the present invention is a rolling bearing 
employing lubricating oil and having a rolling element held by a cage for rolling on a 
race, characterized m that the value of the arithmetic average roughness Ra of the rolling 

20 element is 0.03 to 0. 1 5 jxm. 

In the aforementioned structure, an attack from a pocket guide face of the cage 
can be relaxed by setting the value of the arithmetic average roughness Ra of the rolling 
element to at least 0.03 |im to approach the roughness of the pocket guide face of the 
cage influencing wear of the rolling element. Further, an oil forming property between 

25 the pocket guide face of the cage and the roUing element can be improved by an effect 
of smoothing a lubricant and an adherence effect resulting from an increased surface 
area. 

Consequently, wear of the rolling element caused by contact with the pocket 
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guide face of the cage can be extremely reduced, and the exfoliation life with respect to 
the rolling element and the race can be remarkably improved. When the value of the 
arithmetic average roughness Ra of the roller exceeds 0. 15 |im, vibration and torque of 
the bearing increase, to cause surface-originating exfoliation in the counter race. 
5 According to the aforementioned structure, wear caused in the rolling element 

can be suppressed by reducing frictional force between the cage and the rolling element 
with the low-priced cage formed by pressing a low-priced steel sheet without employing 
a cage of resin. Therefore, the exfoliation life in the rolling element can be improved, 
and surface-originating exfoliation resulting from stress concentration and imperfect 
10 lubrication can be suppressed on a rolling contact surface of the race coming into 
contact with a worn edge part of the rolling element. 

Preferably m the aforementioned thrust needle bearing, the value of the 
arithmetic average roughness Ra of a pocket guide face of the cage is not more than 0 .4 
|im. 

15 Preferably in the aforementioned thrust needle bearing, the value of the 

arithmetic average roughness Ra of the race is not more than 0.5 |im. 

Preferably in the aforementioned thrust needle bearing, the thrust needle bearing 
is used in a compressor for an air conditioner. 

Preferably in the aforementioned thrust needle bearing, the thrust needle bearing 
20 is used in an automatic transmission. 

Another thrust needle bearing according to the present invention is a rolling 
bearing employing lubricating oil and having a rolling element held by a cage for rolling 
on a race, characterized in that the clearance between a pocket guide face of the cage 
and the rolling element is 60 to 130 jim. 
25 According to the aforementioned structure, wear caused on the rolling element 

can be suppressed by reducing fiictional force between the cage and the rolling element 
with the low-priced cage formed by pressing a low-priced steel sheet without employing 
a cage of resin. Therefore, the exfoliation life in the rolling element can be improved. 
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and surface-originating exfoliation resulting from stress concentration and imperfect 
lubrication can be suppressed on a rolling contact surface of the race coming into 
contact with a worn edge part of the rolling element. 

If the clearance between a pocket of the cage and the rolling element is increased 
to at least 60. jam in the aforementioned structure, the cage is automatically controlled 
(the degree of freedom of the cage increases due to the large clearance) and contact 
with the rolling element can be relaxed also when circumferential speed difference is 
caused between rolUng elements. In order to more reUably obtain the aforementioned 
automatic control mechanism, the aforementioned clearance is preferably set to at least 
70 iLim, and more preferably set to at least 75 jxm. 

Consequently, wear of the rolling element caused by contact with the pocket 
guide face of the cage can be extremely reduced, and the exfohation life with respect to 
the rolling element and the race can be remarkably improved. If the clearance between 
the cage pocket and the rolling element exceeds 130 |im, not only the rolling element 
may fall out of the cage pocket but also wear of the rolling element increases due to 
warpage caused by influence by skew of the rolling element, and relative slippage 
between the rolling element and the race increases to cause surface-originating 
exfoliation in the race in a short time. 

In general, there is no example setting a proper value for a clearance between a 
rolling element and a cage pocket in order to suppress wear of the rolling element 
resulting from contact between the rolling element and the cage pocket. The 
aforementioned clearance is obtained by adding the distances between the rolling 
element and ends of the pocket guide face of the cage as to both ends in plan view (the 
details are shown in Examples later). 

Preferably in the aforementioned other thrust needle bearing, the cage is a W- 
type cage. 

Preferably in the aforementioned other thrust needle bearing, the value of the 
arithmetic average roughness Ra of the rolling element to 0.03 to 0.15 |im. 



Preferably in the aforementioned other thrust needle bearing, the thrust needle 
bearing is used in a compressor for an air conditioner. 

Preferably in the aforementioned other thrust needle bearing, the thrust needle 
bearing is used in an automatic transmission. 
5 Brief Description of the Drawings 

Fig. 1 illustrates a thrust needle bearing according to each embodiment of the 
present invention. 

Fig. 2 is a partially fragmented plan view of the thrust needle bearing shown in 

Fig. 1. 

10 Fig. 3 is an enlarged view of a part A in Fig. 2. 

Fig. 4 is a sectional view taken along the line IV-IV in Fig. 2. 
Fig. 5 is a diagram for illustrating deviation between the central axes of a cage 
and a pocket. 

Fig. 6 illustrates the depth of wear in Example of the present invention. 
15 Fig. 7 illustrates parts of a cage coming into contact with a roller in a 

conventional thrust needle bearing. 

Fig. 8 illustrates parts of the roller coming into contact with the cage in the 
conventional thrust needle bearing. 

Fig. 9 illustrates worn parts of the roller shown in Fig, 8. 
20 Fig. 10 illustrates exfoliated parts caused in a race in the conventional thrust 

needle bearing. 

Description of the Reference Signs 

la, lb race, 2 roller (rolling element), 3 cage, 10 thrust needle bearing, 13 cage 
pocket, 13b separation preventing protrusion, 13c end of pocket guide face, al, a2 
25 planar clearance between ends of pocket guide face and roller, xl central axis of cage, 
x2 central axis of pocket, b deviation between both central axes, r bus shape of unused 
roller, d depth of wear. 

Best Modes for Carrying Out the Invention 
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Examples of the present invention are now described with reference to the 
drawings. 

(First Embodiment) 

Fig. 1 illustrates a thrust needle bearing 10 according to a first embodiment of 
5 the present invention. Referring to Fig. 1, thrust needle bearing 10 according to this 
embodiment comprises races la and lb, rollers (rolling elements) 2 arranged between 
the two races and a cage 3 guiding/holding rollers 2, 

The arithmetic average roughness Ra on the surfaces of the aforementioned 
rollers is set to at least 0.03 ^m and not more than 0. 15 |im. Since the arithmetic 
10 average roughness on the surfaces of conventional rollers 2 is about at least 0.01 |am 

and less than 0.03 |im, an attack fi:-om a pocket guide face of the cage to the rollers can 
be relaxed according to the embodiment of the present invention by remarkably 
increasing the arithmetic average roughness as compared with the conventional value. 
According to this embodiment, the following effects can be attained by setting 
15 the value of the arithmetic average roughness Ra of the aforementioned rollers (rolling 
elements) 2 to at least 0.03 |im and not more than 0. 15 ^im. 

In other words, an attack from the pocket guide face of the cage influencing 
wear of rollers 2 can be relaxed by setting the arithmetic average roughness Ra of rollers 
2 to at least 0.03 |am to approach the roughness of the pocket guide face of the cage. 
20 Further, an oil film forming property between the pocket guide face of the cage and 
rollers 2 is improved due to an effect of smoothing lubricating oil and an adherence 
effect resulting from increased surface areas. Consequently, wear caused by contact 
with the pocket guide face of the cage can be extremely reduced. If the arithmetic 
average roughness Ra of rollers 2 exceeds 0.15 jxm, however, vibration and torque of 
25 the bearing increase to cause surface-originating exfoliation on counter races. 
(Second Embodiment) 

Referring to Fig. 1, a thrust needle bearing 10 according to this embodiment 
comprises races la and lb, rollers (rolling elements) 2 arranged between the two races 
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and a cage 3 guiding/holding rollers 2, similarly to the first embodiment. 

Fig. 2 is a partially fi-agmented plan view of the upper half of thrust needle 
bearing 10. Referring to Fig. 2, cage 3 is provided with cage pockets 13, which are 
formed around a window for protruding outward so that rollers 2 come into contact 
5 with both races, for storing rollers 2. 

Fig. 3 is an enlarged view of a part A in Fig. 2. Referring to Fig. 3, each roller 
2 is cylindrical, and separation preventing protrusions 13b are formed on each cage 
pocket 13 from an end toward the center of the window to extend toward the inner side 
of roller 2 fi-om an end of roller 2 in plan view, i.e., to overlap with roller 2 in plan view, 
10 so that roller 2 does not separate from the window. Ends of the window provided with 
no separation preventing protrusions 13b, i.e., ends 13c of a pocket guide face are 
located on positions not overlapping with roller 2 in plan view. 

Fig, 4 shows a section of the cage taken along the line IV-IV in Fig. 2. Cage 
(W-type cage) 3 having a wavy shape in the radial section shown in Fig. 4, inclusive of 
15 the aforementioned window, can be formed at a low cost by pressing a steel sheet. 

Referring to Fig. 3, clearances between the pocket guide face of the cage and 
each roller 2 show planar distances al and a2 between ends 13c of the pocket guide face 
and the outside surface of roller 2. These clearances are formed in the respective ones 
of two ends of the window, and hence the sum (al + a2) of the two clearances is defined 
20 as the clearance between the pocket guide face of the cage and roller 2 in the present 
invention. 

According to the embodiment of the present invention, the clearance (al + a2) 
between the pocket guide face of the cage an the roller shown in Fig. 3 is brought into 
the range of at least 60 }am and not more than 130 |im. Further, the value the 
25 arithmetic average roughness Ra of roller 2 may be brought into the range of at least 
0.03 |im and not more than 0. 15 jxm while this clearance (al + a2) satisfies the 
aforementioned range. Thus, eflFects similar to those of the first embodiment can be 
attained. Consequently, a remarkable synergistic eflFect can be attained by satisfying 
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both of the condition of the clearance between the aforementioned pocket guide face of 
the cage and roller 2 and the condition of the arithmetic average roughness of roller 2, 
and a thrust needle bearing remarkably improved in durability can be provided. 

The upper limit of a clearance (al + a2) between a pocket guide face of a 
5 conventional cage and a roller has been generally less than 60 \im with dispersion. 

In a W-type cage manufactured by pressing a steel sheet in a thrust needle 
bearing, deviation b of 15 to 30 jxm at the maximum is caused between the central axis 
xl of a cage 3 and the central axis x2 of a cage pocket 13 in consideration of working 
accuracy thereof, as shown in Fig. 5, Therefore, some cage pocket 13 is angled with 

10 respect to central axis xl of cage 3, leading to circumferential speed difference between 
a roller 2 in angled cage pocket 13 and another roller 2 in a non-angled cage pocket 13. 
When cage pocket 13 and roller 2 come into contact with each other, cage 3 cannot be 
relieved but strongly comes into contact with roller 2 to remarkably wear roller 2 due to 
this circumferential speed difference if the clearzmce between a pocket guide face of 

15 cage 3 and roller 2 is less than 60 fim. Stress concentrates to a worn edge part of this 
roller 2, to exfoliate roller 2 depending on load conditions. Further, surface-originating 
exfoliation is caused on a rolling contact surface of a race coming into contact with the 
worn edge part of the roller due to stress concentration and imperfect lubrication. It is 
difficuh to reduce the deviation of central axis x2 of cage pocket 13 from central axis xl 

20 of cage 3 to not more than 15 |j,m in consideration of working accuracy thereof, and an 
extremely high cost is required even if the deviation can be reduced. 

When the clearance (al + a2) between the pocket guide face of cage 3 and roller 
2 is increased to at least 60 fim, cage 3 is automatically controlled (the degree of 
freedom of cage 3 increases due to the large clearance) despite circumferential speed 

25 difference between rollers 2, so that contact with rollers 2 can be relaxed. 

In each of the aforementioned first and second embodiments, the value of the 
arithmetic average roughness Ra of the pocket guide face may be not more than 0 .4 \im. 
In the structure of each of the first and second embodiments, vibration and torque of the 
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bearing increase if the value of the arithmetic average roughness Ra of the pocket guide 
face of the cage exceeds 0.4 |im. In order to suppress the aforementioned vibration 
and torque, therefore, the value of the arithmetic average roughness Ra of the 
aforementioned pocket guide face of the cage is preferably not more than 0.4 |im. 

In each of the aforementioned first and second embodiments, the v2Llue of the 
arithmetic average roughness Ra of the aforementioned races may be not more than 0.5 
|im. In the structure of each of the first and second embodiments, vibration and torque 
of the bearing increase to entirely wear the rollers, reduce the roughness and damage the 
aforementioned function if the value of the arithmetic average roughness Ra of races la 
and lb exceeds 0.5 [im. 

According to the structure of each of the aforementioned first and second 
embodiments, wear caused on the rollers can be suppressed by reducing fiictional force 
between the cage and the rollers with the low-priced cage formed by pressing a low- 
priced steel sheet without employing a cage of resin. Therefore, the exfoliation life in 
the rollers can be improved, and surface-originating exfoliation resulting firom stress 
concentration and imperfect lubrication can be suppressed on rolling contact surfaces of 
the races coming into contact with worn edge parts of the rolling elements. 

The thrust needle bearing according to each of the aforementioned first and 
embodiments is so used in a compressor for an air conditioner or an automatic 
transmission that the same can exhibit durability and ensure a long life under severe 
lubrication environment and an intermittently acting thrust load. 

(Examples) 

Examples of the present invention are now described. 
(Example 1) 

A roller wear test was conducted with bearings identical to the thrust needle 
bearing shown in Fig, 1 . The roller wear test was conducted with bearings having a 
roller diameter of <j)3 nmi, a race inner dieuneter of <J)65 mm, a case outer diameter of (1)85 
mm and a race thickness of 3 mm under test conditions of a load of 700 kgf, a speed of 



- 10- 



3000 rpm and lubricating oil of spindle oil VG2 (oil film parameter X: not more than 
0. 198). The roller wear test time was set to 20 hours. 

A bearing life test up to breakage of the rollers or races was conducted with 
rollers of the same factors under test conditions of a load of 1000 kgf, a speed of 5000 
rpm and lubricating oil of spindle oil VG2 (oil film parameter X: not more than 0. 101). 
Bearing lives were expressed in 10 % lives of eight thrust needle bearings of test bodies. 
Table 1 shows the resuhs of the roller wear test and the bearing life test with various 
surface roughness values, and Table 2 shows the results of the wear test conducted with 
various surface roughness values of pocket guide faces of cages and races. -7 
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The abrasion loss of each roller is expressed in a depth of wear defined in Fig. 6. 
With reference to a limit gauge of a bus shape r of an unused roller (measured in the 
axial direction of the roller), the limit gauge and the bus shape of a test roller were 
superposed with each other for defining the maximum difference between the surface of 
5 a rolling contact surface of the limit gauge roller and the surface of a worn part of the 
test roller as the depth d of wear. The depth of wear of each roller indicates the 
maximum depth of wear at the time of measuring all of bus shapes (axial direction) of 
rollers (24 rollers for each bearing) of four test bearings. It has been confirmed that 
wear of each test roller was caused not by relative slippage between the roller and a race 

10 but caused by contact with a cage, since the rolling contact surface of the race was not 
worn upon measurement the bus shape of the rolling contact surface of the race. 

While the depth of wear is 3. 1 jam in the rollers of a sample 1 which is a bearing 
using rollers having arithmetic average roughness Ra of 0.02 |am, effects of preventing 
wear of rollers are remarkably recognized in samples 2 to 4 integrated with rollers 

15 having arithmetic average roughness Ra of 0.04 to 0. 15 |j.m with depths of wear of 

rollers of 0. 1 to 1 .6 |im. Also in the bearing life test, it is understood that samples 2 to 
4 exhibit remarkably long lives of 8 to 19 times that of sample 1. 

Current consumption of the motor increased to only about 1.2 times and fiiction 
loss did not extremely increase also when the arithmetic average roughness Ra of the 

20 rollers was more increased to 0.04 to 0. 1 5 |am than sample 1 . On the other hand, 

sample 5 which is a bearing using rollers having arithmetic average roughness Ra of 0.20 
|j,m has a life of about 4 times that of sample 1, and causes surface-originating 
exfoliation on counter races. Further, the value of current consumption of the motor 
has increased to 1.5 times of sample 1, to extremely increase firictional loss. 

25 It has been proved fi-om the above results that wear of the rollers caused by 

contact between the pocket guide face of the cage and the rollers can be suppressed 
without increasing fiictional loss by using the rollers having arithmetic average 
roughness Ra set to 0.04 to 0. 15 pim. Consequently, it is obvious that there is an effect 
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of improving the exfoliation life. 

Table 2 shows results of a roller wear test and a bearing life test conducted with 
cages provided with pocket guide faces having arithmetic average roughness Ra set to 
0.6 \xm and races having arithmetic average roughness Ra set to 0.7 |im. 
5 From the results of the above Table 2, the depth of wear of the rollers was 0. 1 

lam and the life was at least 150 h. in a sample 4 prepared by setting the arithmetic 
average roughness Ra of the rollers to 0. 15 jxm, the arithmetic average roughness Ra of 
the pocket guide face of the cage to 0 .4 |j.m and the arithmetic average roughness Ra of 
the races to 0.5 |Lim. In a sample 6 prepared by setting only the arithmetic average 
10 roughness Ra of the pocket guide face of the cage to 0 .6 jim, however, the depth of 
wear of the rollers increased similarly to sample 2 in Table 1, and the life was also 
reduced. Further, it is understood that the value of current consumption of the motor 
increased to 1.4 times that of sample 1, and fiictional loss extremely increased. 

Also in sample 7 prepared by setting only the arithmetic average roughness Ra of 
15 the races to 0.7 jam, an effect of suppressing wear of the rollers was reduced, and 
frictional loss extremely increased. 

From the aforementioned results, it has been proved preferable to set the 
arithmetic average roughness Ra of the pocket guide face of the cage to not more than 
0.4 jam and to set the arithmetic average roughness Ra of the races to not more than 0.5 
20 |j,m, in order to maximize the effect attained by setting the arithmetic average roughness 
of rolling elements to 0.03 to 0. 15 jxm. Referring to Table 2, Example and 
comparative examples are classified with reference to the aforementioned ranges of the 
arithmetic average roughness of the pocket guide face of the cage and the races. 

(Example 2) 

25 A roller wear test was conducted with thrust needle bearings identical to that 

shown in Figs. 1 and 2, The roller wear test was conducted with bearings having a 
roller diameter of (j)3 mm, a race inner diameter of <|)65 mm, a case outer diameter of (j)85 
mm and a race thickness of 3 mm under test conditions of a load of 700 kgf, a speed of 
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3000 rpm and lubricating oil of spindle oil VG2 (oil film parameter X: not more than 
0. 198). The roller wear test time was set to 20 hours. 

A bearing life test up to breakage of the rollers or races was conducted with 
rollers of the same factors under test conditions of a load of 1000 kgf, a speed of 5000 
5 rpm and lubricating oil of spindle oil VG2 (oil film parameter X: not more than 0, 101). 
Bearing lives were expressed in 10 % lives of eight thrust needle bearings of test bodies. 



Table 3 shows the results of the roller wear test and the bearing life test 
conducted under the aforementioned conditions with arithmetic average roughness Ra of 
rollers set to 0,02 |im with various clearances between pocket guide faces of cages and 
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The abrasion loss of each roller is expressed in a depth of wear defined as 
follows: With reference to a limit gauge of a bus shape r of an unused roller (measured 
in the axial direction of the roller), the limit gauge and the bus shape of a test roller were 
superposed with each other for defining the maximum difference between the surface of 
5 a rolling contact surface of the limit gauge roller and the surface of a worn part of the 
test roller as the depth d of wear. The depth d of wear of each roller indicates the 
maximum depth of wear at the time of measuring all of bus shapes (axial direction) of 
rollers (24 rollers for each bearing) of four test bearings. It has been confirmed that 
wear of each test roller was caused not by relative slippage between the roller and a race 
10 but caused by contact with a cage, since the rolling contact surface of the race was not 
worn upon measurement the bus shape of the rolling contact surface of the race. 

From the results of the above Table 3, the depth of wear of rollers is 3 . 1 ^tm in a 
sample 1 1 which is a bearing having clearances of 40 |im between a pocket guide face of 
a cage and the rollers, while roller wear preventing effects are remarkably recognized in 
15 samples 12 to 14 having clearances of 60 to 130 \im with depths of wear of rollers of 
1.6 to 0.6 ixm. Also in the bearing life test, it is understood that samples 12 to 14 
exhibit remarkably long lives of 8 to 13 times that of sample 11. 

On the other hand, the rollers fall out of the cage in a sample 15 which is a 
bearing having clearances of 130 |am. When a test was conducted by setting the rollers 
20 on the cage with a holder, sample 1 5 caused surface-originating exfoliation in counter 
races although this sample exhibited a life of about 5 times that of sample 1 1 . 

It has been clarified fi-om the above results that wear of the rollers resulting fi-om 
contact between the pocket guide face of the cage and the rollers is suppressed for 
improving the exfoliation life by setting the aforementioned clearances in the range of 60 
25 to 130 |im. 

Table 4 shows results of a wear test and a bearing life test conducted by setting 
clearemces exhibiting most excellent wear and life of rollers to a constant value of 100 
iim and varying surface roughness Ra of the rollers in the range of 0.02 to 0.20 jam. 
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From the results of the above Table 4, the depth of wear of rollers was 0.8 jim 
and the life was at least 105 h. in a sample 21 prepared by setting the surface roughness 
Ra of the rollers to 0.02 |im, while the depths of wear of rollers were clearly reduced 
and the lives were also improved in samples 26 and 27 having surface roughness values 
Ra of the rollers of 0.04 [xm and 0. 15 [im respectively. In particular, sample 27 having 
the surface roughness Ra of rollers of 0. 15 iim exhibited a life of at least 20 times that of 
sample 11. On the other hand, a sample 28 having surface roughness Ra of rollers of 
0.20 exhibited a life of about 5 times as compared with sample 11. However, this 
sample caused surface-originating exfoliation in counter races. Further, it is 
understood that the value of current consumption of a motor increased to 1.5 times that 
of sample 11, and frictional loss extremely increased. 

It has been proved from the aforementioned results that remarkably excellent 
wear resistance and surface-originating exfoliation resistance can be obtained by setting 
the clearances between the cage guide face and the rollers to 60 to 130 |im and setting 
the surface roughness Ra of the rollers to 0.03 to 0. 15 ^im. Consequently, it has been 
made possible to provide a thrust needle bearing unprecedentedly excellent in wear 
resistance of rollers. 

While embodiments and Examples of the present invention have been described 
in the above, the embodiments and Examples of the present invention disclosed in the 
above are illustrations to the utmost, and the scope of the present invention is not 
restricted to these embodiments and Examples of the present invention. The scope of 
the present invention is shown by the description of the scope of claim for patent, and 
includes all modifications within the meaning and range equivalent to the description of 
the scope of claim for patent. 
Industrial Applicability 

It is possible to remarkably reduce wear of rolling elements in lean lubrication 
environment and under an intermittent thrust load condition for implementing a long life 
by employing the thrust needle bearing according to the present invention and forming a 



- 19- 



cage with steel allowing a low-priced material and a low-priced manufacturing process, 
whereby the present invention is expected to be widely utilized for a compressor for a 
car air conditioner or an automatic transmission. 
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